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(54) OPTICAL COMMUNICATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 40 Gbit/s optical 
communication system for transmitting signals at 80 km relay interval in 
a single-mode fiber having 0.5 dB/km loss. 

SOLUTION: Data are subjected to NRZ-I coding, are bandlimited, and 
then are modulated by a phase modulator. The data are converted to 
light intensity modulation signals at a reception end by a light 
interferometer. The transmission of fixed envelope signals is strong 
against a nonlinear phenomenon. Additionally, due to bandlimiting to be 
performed in a light transmitter, a waveform inputted into a light receiving 
element in light receiving equipment becomes a wideband pulsive 
shape, thus improving an S/N ratio after reception. 




://wwwl9.ipdl.inpit.go.ip/PAl/result/detail/main/w AAA5xaWT2DA415309520Pl.htm 



6/17/2009 



(19) 0*B#fF/f 


(JP) (12) ^^^ff 


: ^ ^ (A) (ll)ffln4tM&n#5 




#^2003 -309520 






(P2003 - 309520 A) 






(43)&BBB ¥fiEl5^10^31B (2003. 10.31) 


(51)IntCl. 7 




F I f-va-F*(##) 


n u 4 is iu/u^ 




b U Z r 1/Uo j U Z ZnU f y 


G0 2F 1/03 


5 0 2 


2/00 2 K 0 0 2 


2/00 




H 0 4 B 9/00 M 5 K 1 0 2 


H 0 4 B 10/18 










»3fcE<Z>&4 OL (£11 H) 




#H2002- 1 13326( P2002- 1 13326) 


(71)aiSA 000003078 








(22)mSB 


¥J&14*p4 n 16 B (2002. 4. 16) 


$c%3mm.im-Tm 1 # 1 n 






(72)2biju# trn 






#^/nm)n^rfj^K/M*i*s»r i mm m 












(72) ?mm *a: 






#^;n»;ri«fifr#K/Mnr*s«r 1 #ss # 












(74)<ftglA 100081732 






#Si± *# A* W2£) 









(54) Bg|H(D£*»0 ^SMv'X^A 



(57) imm 

80km*ffiraPraf t t S 40Gbi t/sO^iifli-X fA 

£»f § i t . 




3£ 



sx 



J* 



V 11 



(2) 

1 

i imm i ] ft* t . wmzmizim s titzmimz 
must . mmmm^mmzA^hnmmitkfm- 

frisftiifis k flfriEftsfits zmm~tz> mm$% kfrt>$L 
zmLmmzmnL. io 

^itA^comt^coMdz^. ! <£max!#7rRW2^3?rR 
W4 ( rad/s ) ( 3^*5 L , R(± h'vMz-b (bi t/s) , V 

Ml E^fHiil^lMfi-^A* tc*t LT , tt^Sii & 4 

X 20 
J * <j>dt xrt { 1 ) 

tf-c* set £#a t -tsts ^iiiiaK^ftfflfi^x^ 

[lt*i!3 ] flrjfBSftSH^^yxMl^-AT& 

Kia<oaj*sffpt:>f yytvyxifimmisix. m 30 

[ 1**114] tffSteMSS^ST* 0 , h-jIBSEB^d 

3 IBtt^ftiiffi^x^A, 

[OOOl] 
[00 02] 

4. Jg£^3ftIfiT1i. ^fc»*oft«fc:l»S&$-*L 
if, ift*lifc2&fc9«9*flB«fc> M^-hii:40Gbit/s-C 

hh, 40Gbit/ s ^xxA{i; s 4-raas3R»j:a!5^KSMS 

v YtffiiiBJbJRfc: t »A£ix4 . 
[00 03] BJJRTNi^fcltRSr»tf>7T >f ^'Srffi 
ffltS;t^f<. ®*t;tSclS$tLfeft7r^^'{±l.3 50 



f§HH2 003-309520 
2 

T fl^OfelE^iEV \ 1 . 3ju nrffffl fcfHHfc § *Ufc 7 r <f 
v S't-S) oTt, Jzt&cOWrSl ■ 55// riTC & flBfccO^SrV > 

[0004] Z\<7)£ 5 ^mm^MUkyrA^X'l. 
55jui#tf>»*£eBW-«*&, ^¥%PdfctA0. 5dB/k 
rag^ h&4<, 1 . 55 ju mffl {zWMit 8ftft7r>fAS ffiSE 
jS**I5 t ^ tUV ^®Tl£ffl^4 »£-tf>*?X> . 2dB/kmi; Jt 

[0005] 

mmt^mcymmmmzmft l , a^40km^ ^«sokm 

[0006] L^L=3r*^. 40Gbit/sT{± i S^'JSV^ 

ft, fi^t'vbwht iiP£<7>fi-§-*r?fmjt (s/n) 

J *s\C0 Kts 3f t V - §r « < -T 4 4>^^' * 4 4« . ft 7 r A 

j^mmmmmt* o a^ sms3be*»«* lts 

[0007] ft7r-f^^A^^°V-SrA#<ii-f ! ^ 
«S«fift^V-^^^?iffi^4^i: LT. #fl 
^«aiJ^^ft^ r >f mztfyyytlt&ALX 

>-rftt^f-4fiJf#tO^^¥^tffi< . h ^ 

yxntfyyftft&WkZ:*) , mmxfoK). £tz*%m 

e-mmimmk^h. 

[0008] Zfl&XO. 5dB/kmi; ^o^*»^Oft7 r 
>f AT, 5 vymil* ffiffl-fr-r^80km«^|SOS3l& 

[0009] ± d arffefcoHB^fc** 

T^SfLyt tc7)T\ 40Gbit/sSr«^0. 5dB/km<7) 7 r -f ^S' 
77 >-±MtS ^fl d i i: =5r < , *Si^P»80km-C i m 

jmm%ftmm^x^j±itm&'tz> ; t * ae^t-t-4 . 

[0010] 

[ISS^j||^4^ft«¥S] e«j:o5rlSS^i?^t- 
ifcttfc, s^lWCtt, ftili:. MIEftii^tr^S^c 

fc, ftS^«^4Sft^e*-f-4ftSfI#lt. WIBft 

m^xA-c^oT, mriBmm-f-^Biegpa, A^^f- 



(3) 

3 

-rttittwmimr&wmm&miiL. mm® 

comMi§.COM±i& !<i&niax!^jrRW2*^37rRW4 (ra 
d/s ) ( tzfz L s Riit" >y M^- h (bit/s) s Vl±imm 

m& : flpfffiQffiBm^^t-^ ■ ■ 

£&Nft (rad) ) b &4 i a (C#UMIfi»tfe t . tulST* 

PlitA 3:4 «t a . ^ItF^O^SrffM-f-^^cO 2o 

fc*A fcfliriBBffilSISIDtt . SeOBfrlflt fc*f LX 10 
[IK2] 

f 0 dt a jr { 1 ) 

[ooii] ■3£«j£fc:j:#Uf, ftiiftfi^co 

com^-x-h & . ffl^^^afi-r-fflv ^ti snrz, Rzoft -f- 

klbBTf 4k. Ill— cO^^V-T-fc^Tt. lb"-y M*| 
Ot-^AVHiWiTt^otv^, -ecojgj!. # 20 

«oaaWHSW»*7 ^;^<0W«frJ: OSPKT&Sfc 30 
fe, ft^tt8t##tt#fi±^4. 

[ o o 1 3] s&t, «saaTW«iwRi-r*fcft. era 
3:4 t ^ofcjftftioflfifc:. m^nz'n otifefttizm 
MiEBt) coehtv ^/hs < & o , «ma-c-^«t$ijpi l 

[ooi4] ttz, *mmxa. =Fmtt lx-?v^ ■ 

>y x >- r-T^ff £ ffl v ^ . T^-yi^-TjlSf 40 

fc, 2 ocomji*- b comm^mtiif^ k coisttco @ 

[ooi5] i^, ^mx'it. ms&i&FHfirtjy 
42ocoy* y?A*- vmco&xm^zj 



f§HH2 003-309520 
4 

[0016] i a &fl§j£fc iftif . 3£T$ffc02o 
coffin £A^XMl^-AT'ft«»t4 0 ^T^ft 

-f y^y y^paefiTtt 2 ocom*^s> 4 . ; ^vtmv 

4. ^^H-ai7J02o < 75tii^T-{i:. ft^^i±5SS^ 
[0017] A'^yXll/y- ^S'{i|lIffi^Jt[^±0^ 

[0018] U&»U5:j&*&, *Iimio^0J»«BgT- 
tt, 3KT*lt^2oom7J*OIt:?»^-«i:^t < T 

^f^ 1 ^ ttjjj $ ix& fc«> , ffi t v- 9 mm/2X"$> -otzb 

fc yt^mfcommmmmz iota. ^TPito- 
*-oai73 iaw y * h o fcagp t * * z t & 

fo%>» b*%t> com£ *> , ^ft^^tlii^ l < , ISSE 

fio^^M^s^ft, -^zmm^mxLxit^ 

[0019] 3|s|a<?DiC0%HHT(i, A'7yXil/y-A' 

com^mizA yytfyxzmmhxKmtwfcnm- 

£ k t J: o T . W9E=SritliSWSIW*atfiT i , <wa^ 
y^^^(t^tW, &K<7>0&oiffilA7M yb- 

-yXW.ME.tfmiL. A7yxII/y-A' 
CO 2 ocoy ^- h ¥4 Y<7)^mcr>mtii±K %&LtzU 

^fe-T-g. 2: 2 oc07 ^- h ^"-f bco^'-f rxtJI^ 

cofgHjco «t a w«^r 4 fc esw£Ea9S£-r 4 i t j&*is 

[0020] 4;t. mfBf5iHS&^^TS) 

± 0 As? v ^ t t-r&mxm 3 co^Mft^x^A 



(4) 

5 

[oo2i] z(Djffle>mmzt3\^ . Kmm&tyts. 
^nm^mtcrm±.^m.^\ ***** < & ft . 

[00 22] £ft, %gg§i&Mlzm-&Ztl& b*>y h V— 

ma, r >f ;mmmzmiRzti& f -y m^- h ,t o 

ft , RBWfttfitafc 2 ^<7)^0|gJT-kft.ft'ft 3t-l/ 
yx^tit v * ft A****** & &5&$- ft SH £ & ft ft: 

ft . t" 7 h u-h36*ittmtrwiiTk/hS < &ft<?)T4 
OGbit/sT'&fti;? 3 b — V yXCD&Wi'h § W ( *> ft 
A, s 40Gbit/sTt> nb-V-yx^Ht^rftiiifSfiiS 
SSS^MU^XxAtcilffl^ft^ii, *IlSfBO 
»9ifcH*teDtit«y MSISJ; 0*3 < U ifiStJEt 

t/s k V io ftffiV *b">y b f(i 3b- ls>XCO&m 

£SfS]^ftftftD£lb">y <-f-ft» #t:D 

< <WC* ft fc , 3e=F«WC9M0BWI^fc:3a» 
-Tft k t^^il^ftftft, ^ix£fflBftft(cfiffi^ 

**#<l)5£*»Jg.LT^4IR9li, iSM^iiffcfe 
[0 0 2 3] ^^CfSittiot, W«3£28W 

b-^ yxcomwvhz ^mmmm^m 30 

k&ft. 
[0024] 

ftffl^iW#§2t, NRZ-iiya- 

ft, 3fe^lBH7^ii>^i$tLft3^I-^(i. *7r>f^6 

ft, Milfv-y^ ■ V*>¥- z F$m9 tg«f 10 
k:fr>£>fi£ft, 40 

[0025] %Mifrt>msS8i£.mi>te\z—uyx 

com ift&mji § ixft . ztitf{m$m$s2t,z ±otf 

^'6ttfi±l§^fto 3ftMfff§7T1i, 7 f -^A*iS&7 : 536» 
^A^J StLftSff-f-x— ^M* : NRZ-la:y r?— ^"3tc j; o 

•CifiteNRZft-f-(NRZ-Ifi-f-) fcWffcSftS . flr^tStl 

ftNRz-ifi^-tt^«sijiiii#®4(c «t ^x^mmmztitz 

[00 26] fiSHSBWfrattfc3B43e7r >f ^^t^L 
"C, ^fiH8WEiS$fLft 0 3fc^fI#l8T1i^y^ • >y 50 



f§HH2 003-309520 
6 

Mft-f-^m$tLft 0 

[00 27] icOia^WBSctiiXif, ft^r-f^S: 

aia-r ft Tiiffifflsasm ft ft#>, rassgfiis 

oty'-y^ ft JgH fc &ft ««KtfD A*.±^ 

6 , MfcetiCMMrcm v * ft RZ^NRZoi&ffiJ k jfcR k 
T , ¥#fl£>V7-im L < X %> b -y b fm\Z-9>V7- 

w < ^ ^ft ftft , mmcomwi^mz <w. 

[0028] fot, 3IQS^B73&>63K7 r-f ^"6tA^3 

snft^^a^afty-^^-ryTda^r-f) 

A# <^ft £ is^^Weifc 0 , 0.5dB/kmi: ^ 

-> fzmm&cofty r a > <x° t> *mmmz m < th^t^ 
^rtg^^ft. 

[0029] NRZ-lx>-n — ^31: i-^TMflWNRZ-I 

a-^3iz x ~>x @2 (b) tcsr^-j: a ^mz-um^m 

§tLft„ l IONRZ-Ifi-^«i{affi^llsltl2tTeffl^ili|S 
^xftf^ii, H2(c)(=3i^-J:afc* l 3» vy/vyi^ 
-=F«H- 9 &^Lftf*{±, H2 (d)fc*^-J: ■3*«» 
t^rft, 

[0030] NRZ-lxyr?— ^3(iMx.if03^-TJ; 3 
tcffiE!t§^^ 0 A*12^^A*LftJSft^-{i, WffiWI^ 
ilft(EXOR) EI»15(C X ->Ti#<7)£fJ}j<mb'-y hilMi: 

»i!ie^ifp^ffi^aft . -eoiswa^B «t o as^s 

aft. itllfflt^tfflarS^T-yTTftO, H2(b)t0 
NRZ-HI^-JiJSfl^l k sfir^UEfci, O^MK^-ftfi^- k 
^oTV^ft. 

[003 1 ] ^i^lJPfi^S4(i, H2(b)fc^rtHRZ-im 

HSrJrr. -t^:h%, )gflf«t"7 M^-hSrR (bit/ 
s), fiiffl^iBS^^*>, fuffl^«fti*3tOb-^ • 

^m^&*xcDmm<m3zitm4>commmm*m\ <t>m 

ax!^'7TR^/2^J337rRW4 (rad/s) k &ft i O t*tS 

[0032] atfflviT:<offtt!ffi«»*i»it 

ft . 04(i:f4ffl^P^Otii^^fiffl^'f[:^*LftiaT- 
* ft . 0<^EfttCjC tTfiffl^« kT V^ft . 

-e«0JEIi(ib°— ^ ■ h *? ■ b-^T-V (rad)T&fto P 

fifiR<o*bWrc» ft . «fl8fttt»?B0>&-&±tf 0 k ± -h 
Tifi 0 •C^F-f-^lE-r ftftftffifcfffiMtft . 
[0033] ! ^ max ! {i04<7)^<7)Tf^±*i 0 S> ft V ^(i 



(5) 

7 

iznm-t ho NRz-ixyn— s- mmmz-WA 
t , i e >y b vmomiztmtfttitf o ( a^t^' o ) 

W6fcVViTiBtta«i*^)fctf>. M£L<2rV\ !0max!# 
H-m, !«£imx!<D«Affi£3*rRW4k-ri>.rkfc<i: l 9 10 

[0034] ^Mim#g4«. 9ne(=uffiffl^H»ffl 

H 5 -f ^'T y ~T < SEW) ^ ffftfe v vfft^tff A $ ft*> 

[00 3 5] JflSSftHSflZr?^ • i yx>^"-T^ff9 
«&teM;tffll5coJ: 5T'J>S„ A^l6*^A^^ix 20 

l£S&218 £ MiS L T IS^rSP22m-& § . 3££&1 k $m 
2(43KK*tf»S: 0 . 3£ffcHilfcffl 3-$-&31SEl*IBH±D 

[JR3] 

J f 4>dt*LTl (1) 

iBi^^t^klRBS— =t a tciftSgiJfcttiW»3 
ft*Wt(i, EtS^Jl 19kft^2 20cOWttiiffl 

mj5T'imjt*>tMmzfo&<, 

[0 0 3 6] i«J;aCM§MV^77A ■ 7x> 

^-^3*9* z coim$mmmm-& t , mm 
m ttzft t , mm zmm Ltzmmmimtix s* tc%-& 

(180 s jwffifflsgfbWfcsar&tr, ffi^u 2cok"*>£>#> 40 
ztu&w mmnmnim^mimmmwmiz&i 

fftS, D=lf -y bBWS|k-f £k, H4CO 

i 3 *8SBTttlS*ftl'CH:£ Oil LTV fzm* 

ho 4fc. ■ ^^y^-^ltotsmiH^tffl 
3-T5fc«>sNllZ-lx>'3-rfc:«t-3T»^Snfci*3g 

§ ft T JSfl"WI£ § tl h . 50 



f§HH2 003-309520 
8 

[0037] V>y^ ■ ^x^— T#*HffiWW>7'>f 

k3r>A 3ftttLTffiffl3Ma& I ft&*&<±. Riv^xk 

DtfiSffL, D^M< ; 5r^{Jk^fOM{±/h§<*oT. « 

[0038] j£tCD<7)±RSi±lf>y MISBTC**. NBZ-I 
m h* -y b B§ra^S^ S k BHSf -y h k «=F***^ 

[0039] ;<oi a 4«getg3af^ioT«»m-f-fc 

3E8W-*. ft-t(^^x«k^->T ^-i>^ft. 
7rtT'^*$iJPfi#K4^ Jf A L«r*» -5 j©Rfttt k 

A^i-rswt;. ^m^m^mmv^^y ^ >v9iz 
t. ^3'jnt;A^-r^fi-f-os/N^iB]±-r^ 0 tot, 

[0040] ±3t. M«jS3BifIT'<i:iS^JKi!g^ 

%y a >V9 (hh\m. »«#S-fts»e#sflriO o 
t< i fi»iWt»«l2W-tH**'^«. fiffllSPItA^ff 

tzxd zmmeomt* wia/ty r a > vmmz v ~y?z± 
m^hmmmimcrmmi.. ytyiwxmh 

[004 1 ] ic7)HJfi^ffic7)a)S;T-(±. snm#fc«st 

b M±^mmm & j^tt***^ k jt«e l t ^ § v \ 

Zcotztb, Jty a )V9 %M Ltz k S tffl6fL&«^3&«/h 

•y ^^c^^v ^»=flr£i&6* ^k =5r 2> . 
[ 0 0 4 2 ] -7 >y^ ■ >y i yy—^Bsfco^'iM^yt 
M^mM k HB&-ic t X v vfcv ^ k &ffiamim$>iv& 

o i&mfrh & . i *u± , v «^ ■ y i y ^— 

•c* o , muzmmz^Ltz x o ^mrnxmrnx-^ & . 

^23*^m*$fLi)ffiM^fi^-^J;^-c^ii-rs. -7 



(6) 

9 

7 4 )V 9 26 Sr it L T SDff#ff27 iZX fiRBMi? t MM L s 
[0043] ±i*y>MT'«4. 3fc=F»fU: ttV'/A • >y 

[0044] 4fc , ffiO^^ltty r y'D ■ ^n-^F 10 

n-=Fjjfh^|ftS«tr* 0 s x?nyj£28fc3fr^Altt: 

»rj(t ^iitfe o , am vtz v—j*e>-mt jm, 

co 4 a t fflbTKIt Ls ISO f 4jt$?B0y) 4 3 fcSHW- 

yiR^iffiKajffifeW)-?* s 4 a fcisit lt (ttr , st 20 

JI3B0 i: llllR»a«i3BH4D«f ( WiT =F»~th . HR 
L, ±fc, h'-AAItft^'x^ny^tfittSfficjffi^ 

WiRSt*frfi< LT 7 4 *X£: Tif 4 :kt±-5T, 
3W4 o 7r/'J ■ ^n— ^Fg^HiEIB**^ yW 3 4 4 30 

[ o o 4 5 ] , *m<nmm~ci±. ^mm^-r l t> 
ftmztmzti&£-mti.%< . 016^4 a c %stm% 

i i:#Wt"£>4 • J^ft#S [ J^47y)«fi£{i^R(f017 
tc^rf"4 3 fc&S . 

[ 0 0 4 6 ] ATI 16£ XV U «y ^48T24HK L , MM^ 40 

»49T«f^L, £tJ7J504>9tiJ7J$3fx4 o iWifSTO 
v-yVN ■ ^yxy^- z F*H-h^<|5itt8ff^^-g>3y*.° 
y F X'fo 4 . i co 4 -5 ^r«fi£^fe V ^T i> , Mft fflOT 

[ o o 4 7 ] =sr*s . mmkmm&iiimm^zm. <ai 

ternate Mark Inversion) ^•-ffcLi'Sk CO 1:3: 4 . 
[0048] ^t^R6W«*2^5ISBKII«0««f: * 
4§&£|-£09£ffl^T»r4 . ^ -/^ ■ 7i^-T 50 



#ffl2 003-309520 
1 0 

m^^-ruz£~>x%m~tz> i t izx~>x, immtpn 

JUL. iOWV^/NSWSifcA^fTffifc**. 
[0049] ffiffi^Pfc^tr^aSBfP^DOW^^d) 

i±Hio(a) (b) o4 a tc^s . fit:, mmmftx&mm 

^mz 4 S«WWR*ff*>=Srtmi/ . 010(a) (b) fctsu 
TM^i4*e^T-Sfe 0 , =&m<r>2o<r> UtfJlW -(4 

[0050] (iffi^lifc^lt^MMiDcDM^^d)^ 
c^lW»**«fe-rJ:^4B8flS"r**«^t±, 010 

(c) (d)o4 a *tcia[^7"fe >y h3&*3&»3&»ofc«gB 

[005 1 ] V^^mw«-^i>ai7Jli:tti^2C0ia))W^ 1 7 

>f jf- K t V ^ t V - * A*! £ i: ^"f # * V * . 
[00 52] L*»U iix^c0^i4ll:^ffl<?D^.* i » 
4 & tfDTft 0 , ^Btt^t^ i WRJntrffi^Jl . 2Tv 

-T4 afli^-rs. 09^4 a tv^yxii/yw^ 
co*{4ln|0T'(4^^'yy F(cfiSt$tLTv^ c <rtt(4^- 

[0053] y^yxM^^-^^6iisCTtaw*as*s 
34coi£}iA77^ y t-ryx^jEL^«j±^'^*-f-^ . 
yv-yyxmmoxfc&fz&b. ^t'^xcomfA 

yf'9 9 yx^ifLX^'y^ y Ft v-T y b $ 
0 , 2-5^7 )t h y*-f F«Ay rxt 
[0054] 4fc. Jtfllf{4. rt«<w?>f ryffiss 

fccotztb A7J 7"a -y ^ y y'df + ^y ^ Sr ft x T v > 4 i 

2-?y) 7tf r-f f e Atf-r § itv» tv-^s^ 

41:, ^V^tt^^^-Srg^LTV^^* F^-f^-- 
F3^^lBS(Be«a^ff**^S< =Sr4 . jSH*«<0*V^3e 



(7) 

1 1 

WBrCtt* ^<07 * h r-f F0>rtHt&&tt«* L < 
biz]; 9. 7°UTyT34^A^§IHC7''n.y^y^-w\° 

[oo55] 2Mao*js*«3t 7 r>r '■toymusm&sm 

< , SAO. 5dB/km</}P£±^ 7H AT*0k«<Ott»« 10 
fc . Hl3te^ Lfc i a ^T*3ftifIf§7£40Gbit/sT*ffi 
7° U T V 7°44TtMH L T ^Sfttff8T'Sffi L fz . ftgfl 

3K»0tt£*1.55ju«, tfffiXy^>-^r>-7°420ajS] 
7fr"?<7-£l0dBnu H#^f45dB. 3fc7 r 4 A£ffiA0. 5d 
B/kmOl. 31/xm-fe* O^ifcv- y^^Er— H7r A43 (SM 
F)80k«fcLfc. ^fffl«#ff41tTSMFO#XN°yO^|£ 20 

i; Lt\ 3i5»I»8rt«0-?>>^ ■ -y xyr-T^tf 

mtmft iz& v ->t . mm^x-mmsmwrniz^m l 

i,yij.l/-yayLt. ^Ol§ll£Ell4t7jrro 
[00 56] ix&mcDTJ ^?—VCfo >A Hl4(a)l±R 

Ell 3fc^LfclfcS^fi3SLfck0ye*4. 1314(a) Ji 

^a^MStefcS < TA tfm&Z^tlT^&cOlzM 30 
L, 014(b) Ttt&:1B&T4mUij s #ti > tlXt3*)* 0.5dB 

[00 57] Hll(i?WH<o«3<OStlfc<^KB*SiWrft 

& £ . ^MfI£§35&te£gfi#§360«fi5c(iEll t i5(J*|l| 

< . U yX38£tf- LT TfT^tcssnsn-ctJ 0 . 3tWI 

•y^ ■ Vj,>7'-=FmmzAMLX^&fi.tf*;Z<m% 
S. icoid^«J^(^^Ti±. ^yX'39«iMftt§35 40 

i/yx«< ^fc*>, »if3& J 5M0l»'Cft O^^yxl 
fsffi^ - k * 3 «fc < wtt h z t amm 

Xh 6 tztb , m&mm ± 9 v ? n*7r 4 «y ? x -?« 
jfc*-4i:J:v\, 50 



f§HH2 003-309520 
1 2 

[0059] 3KffilSfeSST*ttt'y b I'-htfffiVvfctf), 

« . sii 5cd «t a c 7fe=F*ttoM® b^d 1 1 f -y b mrs 
*<%&^*i»<fc«>. ffifffisnatv* (D^^inja^-s 

&^h^-^t^r<, ytmcDat-uyxcrMWZMmx 

[0060] BiiatfrB^MisiifiSTkiea^ffii*^ 

MfflLTV^«r*4 . ^Sfi^{i*lim2co||SSo^ 
IW^yXll/y-A'T'l) 0 , Vi-s^-fUzA v¥ 

9 9 yxmm^hx a o . m7i^^BS^S4t$ 

MSC^3l£ilft^7-i (i=l,2, . . . ,n)^^«^ 
h«7-?40£rfrLT«&<O3^M*f8-i(i=l, 
2, . . . ,n) izmm-t^ . feO*5<7)c7)3^fillfctt^MT- 

xmi/is-^coffif&ZM&ZbtzJ;*), rt^rt^vflt?* 

[ 0 0 6 l ] i&ti, J^^KTOT-f^ta^lW^flWtfc: 

[0062] 

tlrtcoS^*^ t A7J-f-^. fc =5r 5 A , 

Smfifcf5S/N*3HrCSi & . ift^<7)*Sa. #,*0.5dB/k 
rat v ^ ^aJIA^rim±^7 r >f y^t> 57 yt^ISrfi 1 

[EffiOlS^iMBH] 

[sii ] *wmicvwmmmcommcom®M?t^-f 
[si 2] *jR»w«]iafriiwrsfcft<oEi. 

[EI3] NRZ-ixya— ^'offlflSc^iJ&^-ria. 
[EI4] *K<otiHKCiiagBtiiW-*«:ft^)H. 
[El 5] ?^ ■ ^x>'^- z F*thtiiWf-&}tft<o 

[H6] ^mMTm\nMhrAr^9~y<^m^^ 



(8) 



1 3 



Ho 

[08] ^.mco^mizmLtiyrfV ■ "<v—=FmfcD 

[lain *w3mcow,3comimmcoffimM*m- 

m, 

[012] ^mmmcommmcom^^m. io 

[01 3] *K»W<Ol#tt*«fflET*fc«)^^5jtl'- 

[014] 013^CO>-S^V— yayiSOT^/^ 
— ySr^-T0o 

[015] teffl^tfilJ^ 7T £ j@ x 5 Zmfflth fzHb 

com. 

[01 6] *mm&M<mfflmnmf&z^-tm. 
[01 7] 01 6cmmzis»&mmimmnmfm 

m^c?mw] 20 



f§HB2 003-309520 
1 4 

1 ■ ■ ■ 2 ■ ■ ■ {2ffl^P#&, 3 • ■ ■ NRZ-IX 

yn-Z. 4 • ■ ■ 3H*iMRB#a, 5 ■ • ■ f-*A* 
6 ■ • -f7r^A\ 7 ■ ■ -3l3t&(I*k 8 • • 

■ 9 ■ ■ ■ ■ ^xy^-^FjPft. 1 0 

• • ■ see*?, 1 1 • • • m^sifir?. 12, 1 6 • • 

■ A*. 1 3 • ■ ■ ffiTJ. 1 4 ■ ■ • lb'-y hM®« 
f , 1 5 ■ ■ ■ 1 7 ■ ■ ■ 1 „ 18- ■ 

■ m%2 , 2 1 ■ ■ ■ 2 2 ■ ■ ■ 2 3 

• • ■ met!. 2 4 ■ • • imftafElft. 2 5- • - a* 
», 26 ■ ■ ■ 27 ■ ■ -imJEHL 28 ■ ■ 
■xj'nyC 29 ■ ■ ■ Altt'-A, 30 ■ ■ • jijl 

as, 31 ■ ■ ■mKmmmt. 32 ■ ■ -^yxi 

I^— A, 33 • ■ • 4v¥9-9^ 34 • • ■ /yry 
7\ 3 5 ■ ■ ■ 3ft£ft«k 3 6, 4 5- ■ ■ 3Kgm», 
37. . . ^. y ^ . 7l >-^— 3 8, 39- • 

■ U>X, 40 • ■ -»7h7-;, 41 ■ • 

mrffltS, 4 2 • • ■ fry/, 4 3 • • • ^y^/t^t- 
F7r^fA, 44 ■ ■ -iryryy, 46- • ■ n— 

*/W*9B, 4 7 • ■ • ^ic#J?'JS. 48 • ■ • X7U 

49 • ■ ■ mifnm. 



[01 ] 



75fca&ffi£ 



6 3t77"f^ 



— 



NRZ-I 



7^ 



5 f- SA^j? 




shifts 



^1 



10 



11 in**** 



[02] 
10 0 1111 



(b) NRZrHS-^ 

(c) -&*§£ia& 



1 110 10 1 



ttftt 



/ \ r\r 



12 A* v 

■^9 



[03] 

15 EXORBiS 



9 1 , | 



13 aj* 



mm 
7- 



14 



1 1 



jQ AAAA 



(9) 



ftM2 003-309520 



[04] [17] 




17^851 



(10) 



mM2 0 0 3-3 0 9 5 20 



[HI 0] 

1 A AAAA 


hr 


t 

~\f\f\f\i , 


A 


AAAA 




t 

~^nnnJ — 



[HI 3] 



f 



43 SMF 




41 



V 



42 ftT^ 



44 afc^jr^ 



/ 



x4 



7^ 

.5.x— &AttilGR=&. 



3 



NRZ-l 



KM 



mi i] 

38 U>X 



39 L^/X 



/ 



37 



f 



32 



[01 2] 




(11) 



ftM2 003-309520 




[01 6] 



7 jfc£<g£ 



#35 



z — 



NKZ-l 




45 3tSliS£ 



10 



47 



□— 13)1 

KM 



/ 

46 



F^ — A(##) 2H079 AA12 BA03 CA04 FA02 HA11 
KA13 KA19 KA20 

2K002 AA02 AB18 AB19 BA01 DA08 
EA30 EB15 GA10 

5K102 AA01 AA15 AH27 AL23 PHOO 
PH12 PH31 PH37 PH49 RD03 
RD05 RD15 RD27 



JP,2003-309520,A [DETAILED DESCRIPTION] 
* NOTICES * 



Page 1 of 10 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the optical fiber communications system in which high-speed 

transmission is possible. 

[0002] 

[Description of the Prior Art]The commercial scene of broadband communications follows on expanding, and 
improvement in the speed of the network of a higher rank is progressing more. In the present optical 
communications, if it limits to the art of a utilization stage, the maximum high-speed bit rate per wavelength 1 
wave will be 40 Gbit/s. Although 40 Gbit/s system is first introduced from the high cost system which can 
optimize a transmission line like a submarine system, it is someday introduced also into a land system. 
[0003]By a land system, there is no guarantee of a loss to the wavelength of the 1.55-micrometer belt which 
the constructed fiber already was used in many cases, and the optical fiber constructed in the past was 
optimized to the wavelength of a 1.3-micrometer belt, and became the standard wavelength of long-distance 
transmission after that. Even if it is the fiber optimized for 1 .3-micrometer belts, when the most, the 
characteristic with few losses is obtained also with a 1 .55-micrometer belt, but the sex as the fiber optimized 
for 1.55-micrometer belts is not obtained. Since a land system fiber has a limit in the length which can be 
constructed at once, a node enters for every about km and connection loss generates it. 
[0004]When transmitting the wavelength of a 1 .55-micrometer belt with the constructed [ such ] land system 
fiber, the mean loss becomes in km and about 0.5dB /. As compared with about 0.2dB/km in the case of using 
the fiber optimized for 1.55 micrometer in the state where there is almost no node, it becomes the loss more 
than double. 
[0005] 

[Problem(s) to be Solved by the lnvention]Generally, the repeating span of a land system is usually 40 km or 
80 km depending on the installation interval of a relay station. By the relay of a 40-km interval, since the 
number of translators under link doubles as compared with the relay of an 80-km interval, the cost of a link 
increases. Therefore, not less than 80 km of a repeating span is as much as possible desirable. 
[0006] However, in 40 Gbit/s, since the zone is large, in order to obtain a signal to noise ratio (S/N) equivalent 
to the low bit rate, higher translator arrival light power is needed. In order to secure high translator arrival light 
power, it is necessary to make high input light power to an optical fiber but, and the nonlinear phenomenon of 
an optical fiber becomes remarkable, big waveform distortion occurs, and the transmission quality is spoiled. 
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[0007]The method of pouring pump light into an optical fiber from the mail arrival translator side, and 
generating Raman amplification as a method of securing a translator arrival optical power level without 
enlarging input control power to an optical fiber, is known. The efficiency of a profit to pump light is dramatically 
low, the pump light of a subwatt class is needed, and it becomes complicated constituting a Raman amplifier of 
a translator at an expensive price. 

[0008]lt was difficult to transmit an 80-km repeating span by the optical fiber of a high loss of 0.5dB/km until 
now, without using Raman amplification. 

[0009]An object [ without having been made in view of such a conventional problem, and performing / 40 
Gbit/s / Raman amplification for the inside of the fiber of a loss of 0.5dB/km ] of this invention is to provide the 
optical fiber communications system which can transmit even the repeating span of 80 km. 
[0010] 

[Means for Solving the Problem]ln order to solve such a technical problem, in this invention. A light source, an 
optical-phase-modulation machine connected to said light source, and an optical transmitter which has an 
electrical signal generation part which generates an electrical signal inputted into said optical-phase- 
modulation machine, Are an optical fiber communications system which consists of a transmission line which 
connects an interferometer, an optical receiver which has a photo detector which carries out photoelectric 
conversion, said optical transmitter, and said optical receiver, and said electrical signal generation part, Have 
an encoder which codes an input data string to inversion NRZ, and a band limit means which band-limits said 
encoder output, and said band limit means, The maximum of an absolute value of the amount phi of instant 
phase changes of said phase modulator outputted ray |phimax| From piRpsi/2 to 3piRpsi/4 (rad/s). (however, it 
band-limiting so that R may become the bit rate (bit/s) and psi may become amount (rad) of phase 
modulations) of the peak to peak of a phase modulation degree:phase modulator outputted ray, and said 
interferometer, To a non-modulating-signal input, to become all the outline penetrations or all the inhibition, the 
time delay D equivalent to a travelling period difference of two courses for forming interference in an 
interferometer is set up, and said time delay D should receive at the arbitrary time t further. [Equation 2] 

j <j>dt*jt ( 1 ) 

A satisfied optical fiber communications system is provided. 

[001 1]according to such composition, data modulation of the outputted ray from an optical transmitter was 
carried out by phase modulation -- it is a signal of a constant envelope mostly. Even if it is the same light 
power as compared with a signal of NRZ and RZ used by the usual optical communications, below in half, 
peak power in 1 bit has become. As a result, it is hard to generate a nonlinear phenomenon, input control 
power to an optical fiber transmission line can be enlarged, a mail arrival optical power level can be made 
larger than before, and a signal to noise ratio improves. 

[0012]ln this composition, a band limit is applied to an electrical signal inputted into a phase modulator within 
an optical transmitter by a band limit means. By making it such, it becomes the pulse form instead of 
rectangular shape when a waveform after a light interference meter penetration in an optical receiver does not 
apply a band limit. Therefore, since an electrical signal spectrum after being changed into an electrical signal 
with a photo detector spreads and a zone of a noise rejection filter of the latter part can be narrowed, the 
signal-to-noise characteristic improves. 

[0013]ln order to band-limit in an electric stage, a spectrum of a phase modulator outputted ray becomes 
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narrow. A degree of phase modulation-amplitude modulation conversion (PM-AM conversion) generated with 
an optical filter used when performing wavelength multiplexing other than an effect that distributed proof stress 
becomes high becomes small, An effect of being hard to generate adverse effects, such as a jitter by a 
nonlinear phenomenon, as compared with a case where it does not band-limit in an electric stage is also 
expectable. 

[0014]ln this invention, a Mach-Zehnder interferometer is used as an interferometer. Since an input port and an 
output port have dissociated thoroughly also in various interferometers, a Mach-Zehnder interferometer is easy 
to treat of a signal. Flexibility of a design of an interval, the output direction, etc. of two output ports is high, it is 
easy to design suit composition of a photoelectric converter of the latter part, and modular mounting becomes 
easy. 

[001 5]ln this invention, said photo detector is a balanced type receiver, and inductance is connected to an 
output terminal between two photo-diodes which constitute said balanced type receiver, An optical fiber 
communications system of claim 1, wherein the shunt of the difference of DC light current which flows into said 
two photo-diodes is carried out is provided. 

[0016]According to such composition, photoelectric conversion of the two outputs of a light interference meter 
is carried out with a balanced type receiver. Although it is in composition of a light interference meter variously, 
there are two outputs in a Mach-Zehnder interferometer or a Michelson interference system. A balanced type 
receiver is a photo-diode which operates by differential, using a light interference meter with two outputs, 
inputs each output into two photo-diodes of a balanced type receiver, and uses it. In two outputs of a light 
interference meter output, since intensity reverses and outputs a signal component, it is added by differential 
operation, but since an ingredient of intensity noise is canceled by differential operation, the signal-to-noise 
characteristic is improved. 

[0017]For improvement in a common mode rejection ratio, a balanced type receiver designs an optical system 
of an input part so that light power usually inputted into two photo-diodes which constitute a balanced type 
receiver, and to constitute may become equal. As a result, all direct current becomes a form which passes 
through inside of a balanced type receiver, and direct-current potential of an outgoing end is not changed. 
[0018]However, in composition of an invention of this application 1st, DC light power of two outputted rays of a 
light interference meter is not made equally. Since one output wave of a light interference meter is pulse form 
and a waveform which subtracted the waveform from input light is outputted from another side, even if a mark 
rate is 1/2, it will be because a direction of output power of another side of an interferometer becomes large. In 
this composition, it may become the phase modulation degree psi of an optical transmitter, and the waveform 
which required direct current offset for one output of a light interference meter by the time delay D of a light 
interference meter. Since amplitude of an AC signal is equal and only direct-current values differ in both cases, 
even if an optical attenuator is inserted in one side and it makes light power equal, balance does not improve. 
[001 9]ln this invention of this application, the shunt of the direct current which connects inductance to a 
balanced type receiver's outgoing end, and is equivalent to difference of DC light current is carried out. Even if 
an unequal optical direct current flows by doing in this way, it becomes without sending an unnecessary direct 
current through a circuit of the next step. When it does not give inductance, with dc input impedance of a circuit 
of the next step, direct current voltage will occur and middle potential of a photo-diode which is two of balanced 
type receivers will be changed according to generated direct current voltage. Although it is desirable to show 
the equal characteristic over all frequency as for two photo-diodes of a balanced type receiver, if direct current 
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voltage occurs in an outgoing end, bias voltage of two photo-diodes will become unequal, and high frequency 
characteristics will come to differ. If constituted like this invention, direct current voltage does not occur and 
such a situation can be avoided. 

[0020]ln this invention, said transmission line is space, said time delay D is smaller than 1/R, and the phase 
modulation degree psi provides an optical fiber communications system of claim 3 being larger than pi. 
[0021] Let a transmission line which connects an optical transmitter and an optical receiver be free space in 
composition of this invention. In that case, although background light noise mixes in an optical receiver, since 
coherence is low and background light noise is mainly intensity noise, most is canceled by a balanced type 
receiver. As a result, a degree of improvement in the signal-to-noise characteristic becomes large. 
[0022]The bit rates required of light space transmission are several 100 Mbit/s at most smaller [ whether you 
are Haruka ] than the bit rate required of an optical fiber trunk system. With composition of this application, if 
coherence of a light source is low in order to put information on a phase, it will become noise. Since which 
becomes a factor as which whether coherence is maintained determines noise quantity between two lights 
from which only the time D to have gone via two courses in a light interference meter shifted, influence of 
coherence is eased, so that D is made small. Since D will become small naturally if the bit rate is high, if it is 40 
Gbit/s, influence of coherence is small. (When a receiving sensitivity demand applies to a severe system, of 
course so that coherence becomes a problem also by 40 Gbit/s) It is good to make D smaller than 1-bit time 
like this application 3rd invention, and to make the phase modulation degree psi larger than pi if needed. In the 
low bit rate called several 100 Mbit/s, in order to ease influence of coherence, D is made smaller than 1-bit 
time. In order that efficiency when only changing D into an intensity modulation signal with a light interference 
plan as it is a chisel small may fall, in order to compensate it, the phase modulation degree psi is enlarged. 
Waveform distortion is not generated as long as the amount phi of instant phase changes is satisfied of (1) 
type, even if psi becomes [ this application ] larger than pi, since it has band-limited within an optical 
transmitter. 

[0023]By doing in this way, small good transmission of influence of coherence of background light noise or a 

light source is attained. 

[0024] 

[Embodiment of the lnvention]An embodiment of the invention is described using a drawing. Drawing 1 is a 
figure showing the embodiment of an invention of this application 1st. The optical transmitter 7 is constituted by 
the light source 1, the phase modulator 2, and the NRZ-I encoder 3 and the band limit means 4. The lightwave 
signal transmitted from the optical modulator 7 is sent to the optical receiver 8 through the optical fiber 6. The 
optical receiver 8 comprises the light interference meter 9, for example, a Mach-Zehnder interferometer, and 
the photo detector 10. 

[0025]A high light of the coherence which was suitable for the phase modulation from the light source 1 is 
outputted. Data modulation of this is carried out by the phase modulator 2, and it is outputted to the optical 
fiber 6 which is an optical transmission line from the optical transmitter 7. In the optical transmitter 7, the 
HARASHIN item data row inputted from the data input terminal 5 is coded by the inversion NRZ signal (NRZ-I 
signal) with the NRZ-I encoder 3. After the coded NRZ-I signal is band-limited by the band limit means 4, it is 
impressed to the phase modulator 2. 

[0026]The light which received the phase modulation is transmitted to the optical receiver 8 via the optical fiber 
6. In the optical receiver 8, the phase modulation signal of NRZ-I numerals is changed into the intensity 
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modulation signal of the HARASHIN item by Mach-Zehnder interferometer 9, and it is changed into an 
electrical signal by the photo detector 10. 

[0027]According to such composition, in the stage of passing the optical fiber 6, since it is a phase modulation 
signal, it is a lightwave signal of the constant envelope mostly. In order that there may not be a standup of the 
signal strength used as the cause which a jitter generates according to the nonlinear phenomenon of an optical 
fiber, and falling, it is hard to generate a jitter. Since the peak power in a bit is small as compared with the 
waveform of RZ and NRZ which are used by the usual optical communications even if average light power is 
equal, it is hard to receive nonlinear influence. 

[0028]Therefore, the booster amplifier (not shown) installed in the portion inputted into the optical fiber 6 from 
the optical transmitter 7, It becomes it is possible to enlarge output power of the relay amplifier (not shown) 
inserted in the middle of a transmission line, and possible [ the optical fiber of a high loss of 0.5dB/km ] to take 
a long repeating span. 

[0029]Signs that the HARASHIN item is changed into NRZ-I numerals by the NRZ-I encoder 3 are shown in 
drawing 2. The figure (a) is the HARASHIN item inputted from the data input terminal 5, and is changed into a 
NRZ-I signal as this shows to drawing 2 (b) with the NRZ-I encoder 3. After the phase modulation of this NRZ-I 
signal is carried out with the phase modulator 2, it comes to be shown in drawing 2 (c), and after it penetrates 
Mach-Zehnder interferometer 9, it serves as a waveform as shown in drawing 2 (d). 

[0030]The NRZ-I encoder 3 is constituted as shown in drawing 3. The HARASHIN item inputted from the input 
12 has 1-bit delay of an own output and exclusive OR taken by the exclusive OR (EXOR) circuit 15. The result 
is outputted from the output 13. This is a step equivalent to integration and the NRZ-I signal of drawing 2 (b) is 
a signal which 1 and 0 reverse whenever the HARASHIN item is set to 1. 

[0031]The band limit means 4 is a means which lengthens the standup/falling time of the NRZ-I signal wave 
form shown in drawing 2 (b). According to this embodiment of this invention, it band-limits as follows. That is, it 
is psi (rad) about the bit rate of the HARASHIN item in R (bit/s) and the phase modulation degree of phase 
modulations, i.e., the amount of the peak to peak of a phase modulator outputted ray. When it carries out, It 
band-limits so that maximum |phimax| of the absolute value of the amount phi of instant phase changes of a 
phase modulator outputted ray may be set to 3piRpsi / 4 (rad/s) from piRpsi/2. 

[0032]The meaning of this band limit is explained using drawing 4. Drawing 4 is a figure showing the phase 
change of the outputted ray of a phase modulator. The phase is changing according to 1 of a signal, and 
change of 0. The amplitude is psi (rad) at the peak to peak. It is. The amount phi of instant phase changes is a 
wave-like fine coefficient of drawing 4, and phimax is the maximum of a fine coefficient. The fine coefficient 
gave the absolute value, in order that numerals might be reversed in a wave-like standup and falling. 
[0033]| phimax| -- the wave-like standup of drawing 4, or falling -- correspond to inclination of the steepest 
portion of the central neighborhood mostly. The band limit means 4 band-limits the output of the NRZ-I 
encoder 3, amplitude adjustment is carried out suitably, it is impressed by the phase modulator (not shown [ an 
amplitude adjustment means ]) 2, and a phase modulation is performed to the light from the light source 1 . 
Since a possibility that a waveform has not risen between 1-bit time (falling) is high when |phimax| is smaller 
than piRpsi/2 at this time, it is not desirable. | If phimax| becomes large, the standup/falling of the phase 
modulation wave form become steep. As a result, light interference a total of nine output wave in the optical 
receiver 8 becomes close to a rectangle from pulse form. In this application, by setting the maximum of 
|phimax| to 3piRpsi/4, a pulse form waveform is maintained and an electric spectrum [ broadband / after 
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photoelectric conversion ] is secured. Since an electric spectrum is a broadband, it becomes possible to make 

small the zone of the electrical filter for noise rejection (not shown), and to raise S/N. 

[0034]The band limit means 4 are the low pass filter actually inserted in either before and after the driver 

amplifier for phase modulators (not shown), the driver amplifier intentionally manufactured by the narrow band, 

etc. 

[0035]The composition of Mach-Zehnder interferometer 9 in the optical receiver 8 seems to be drawing 5. The 
light inputted from the input 16 is equally divided into two by the tee 21, and one side is the course 1. 17 and 
another side pass the course 218 and are combined by the bond part 22. The time delay which light path 
length differs between the course 1 and the course 2, and is equivalent to optical path length difference is D 
(sec). In this application, this time delay D should receive at the amount phi of instant phase changes and the 
arbitrary time t of phase modulation light. [Equation 3] 
<$>dt*jt ( 1 ) 



******** 



it is designed like. An inhibition center wavelength or a transmission center wavelength of Mach- 
Zehnder interferometer 9 is set up or controlled to carry out outline coincidence with a center wavelength of the 
light source 1. Specifically, it is the output 1.19 and output 2 Since it is complementary, on the other hand, the 
characteristic of 20 is in an inhibition center wavelength, when an outputted ray is in one transmission center 
wavelength. 

[0036]lf this phase modulation light penetrates Mach-Zehnder interferometer 9 constituted in this way, light 
which penetrated the course 2, and light in which only the time D which penetrated the course 1 has been will 
interfere. It determines what interference occurs by the amount of phase changes during the time D. For 
example, if a phase change of pi (180 degrees) occurs between the time D, light power will output [ no ] from 
one of the outputs 1 and 2, and it will be outputted at all from another side. It depends for the amount of phase 
changes during the time D on a phase modulation wave form. When it is psi=pi and D= 1-bit time, light which 
was not being penetrated at all at the time t1 by a waveform like drawing 4 serves as all the penetrations at the 
time t2, and stops for example, penetrating again at the time t3. Thus, as for the obtained Mach-Zehnder- 
interferometer transmitted light, a phase modulation is changed into intensity modulation. Since operation of a 
Mach-Zehnder interferometer is equivalent to difference, a waveform with which it integrated with a NRZ-I 
encoder differentiates, and the HARASHIN item is reproduced. 

[0037]An example of an eye pattern after a Mach-Zehnder-interferometer penetration is shown in drawing 6. 
Before and behind a portion which has a phase change like drawing 4, it becomes a pulse slightly larger when 
there is no phase change, and when a phase change occurs continuously, it becomes a narrow pulse. For this 
reason, it becomes the eye pattern which these mixed. The difference becomes small, it approaches a 
waveform of a narrow pulse and strangulation-ization of pulse width of it is attained, so that, as for a difference 
of pulse width of a large pulse and a narrow pulse, D becomes short depending on the time delay D. 
[0038]Conversely, a maximum of D is 1-bit time. It is because interference with a contiguity bit is included if D 
exceeds 1-bit time, since the NRZ-I encoder 3 is an integrator by 1-bit delay. 

[0039]Such a waveform is changed into an electrical signal with the photo detector 10. Since a signal serves 
as pulse form, as compared with rectangular wave shape at the time of not inserting the band limit means 4, its 
spectral band width is wide within the optical transmitter 7. Before inputting a received signal into a 
discrimination circuit, a filter removes portions other than an effective signal band, but if signal-spectrum 
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bandwidth of a filter input is wide enough, it will become possible to use a filter of a narrow band more. As a 
result, more noises can be removed and S/N of a signal inputted into a discrimination circuit improves. 
Therefore, according to this embodiment of this invention, receiving quality improves by establishing a band 
limit means at the transmitting side. 

[0040]By ultra high-speed optical communications, a dense wave division multiplexer is introduced by almost 
all systems in recent years. When carrying out wavelength multiplexing of the signal, optical filters, such as or 
the wavelength multiplexing-ized machine (itself etc.), remove except a required wavelength band region so 
that a leak lump to an adjacent wavelength may be lost. If an optical filter restricts a lightwave signal which 
carried out the phase modulation, an intensity modulation ingredient will occur by a PM-AM converting 
operation of an optical filter. Since fluctuation of intensity becomes the cause of inducing a jitter after optical 
fiber transmission as mentioned above, a small thing of an intensity modulation ingredient is desirable. An 
intensity modulation ingredient generated, so that a grade of an intensity modulation ingredient to generate has 
many rates deleted depending on a rate deleted with an optical filter is large. 
[0041]Since a band limit is applied to a modulating signal in an electric stage in composition of this 
embodiment, a light spectrum after a phase modulation is small as compared with a case where a band limit is 
not applied. Therefore, a rate deleted when it lets an optical filter pass is small, an intensity modulation 
ingredient to generate is small, and little good transmission of jitter generating is attained as a result. 
[0042]Since good operation is not obtained unless a center wavelength of a Mach-Zehnder interferometer has 
carried out outline coincidence with wavelength of a light source, it is necessary to control a center wavelength 
of a light interference meter within the optical receiver 8. This is possible at the almost same control as the AC 
controlling method applied to a Mach-Zehnder type optical intensity modulator, and can be controlled by 
composition as showed drawing 7 an outline. That is, a center wavelength of Mach-Zehnder interferometer 9 is 
modulated with a low frequency signal outputted from the oscillator 23. it branches and comes out, a part of 
output of Mach-Zehnder interferometer 9 is changed into an electrical signal by the electric eye 25, and 
synchronous detection is carried out with a low frequency signal and the synchronous detector 24 from the 
oscillator 23. The output is added with a low frequency signal with the adding machine 27 via the low pass filter 
26, and, in addition to Mach-Zehnder interferometer 9, it controls. 

[0043]Although a Mach-Zehnder interferometer was used as a light interference meter in an above-mentioned 
example, the same operation is possible even if it uses a reflection type Michelson interferometer which has 
the almost same function as a Mach-Zehnder interferometer. 

[0044]Although a Fabry-Perot interferometer is in other light interference meters, it is also possible to use a low 
Fabry-Perot interferometer of finesse. A case where this kind of interferometer is used using drawing 8 is 
explained. Drawing 8 is an example of composition of a Fabry-Perot interferometer, and light enters into the 
etalon board 28 like the incident beam 29. A reflection film is attached to the both side surfaces a and b of an 
etalon board, a part of beam which entered is reflected in respect of b like a dotted line, and the remainder is 
penetrated like the transmitted light 30. It reflects again in respect of a, and the part penetrates once a part of 
light reflected in respect of b like the reflective transmitted light 31 in respect of b. If it designs so that delay of 1 
round trip of an etalon board may be D, only D will shift and interfere in the transmitted light 30 and the 1-time 
reflective transmitted light 31. A general Fabry-Perot interferometer makes reflectance of a and b high enough, 
and a beam incidence angle uses it for an etalon board in a vertically near field as much as possible, and it 
increases the number of times of a multiple echo, and raises and uses a ratio (finesse) of transmission 
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bandwidth of a filter to a penetration cycle. However, it constitutes from this application so that the transparent 
transmitted light and the transmitted light of 1-time reflection may mainly be taken out by leaning an etalon 
board, or making reflectance low and lowering finesse conversely, and the same operation as a Mach-Zehnder 
interferometer is realized. A Fabry-Perot interferometer comprises free space instead of an optical waveguide 
in many cases so that drawing 8 may also show, and it is suitable for a light-receiving system of space 
transmission. 

[0045]ln composition of this application, an interferometer does not necessarily need to be installed in **** and 
like drawing 16, After installing and carrying out heterodyne reception of the local light source 46 to an input 
part of the optical receiver 45 and changing into an electrical signal with the photo detector 10, even if it installs 
the interferometer 47, i.e., frequency discriminator, it is possible to acquire same effect. Composition of the 
frequency discriminator 47 comes to be shown in drawing 17. 

[0046]The input 16 is dichotomized with the splitter 48, and after passing the course 1 and the course 2 which 
the delay time difference D was able to be given, it joins together with the multiplier 49 and is outputted from 
the output 50. This is a component which carries out the completely same operation as a Mach-Zehnder 
interferometer in Also in such composition, a frequency discriminator output can be made into a pulse 
form waveform by band-limiting at the transmitting side. 

[0047]A frequency discriminator output becomes what carried out the AMI (Alternate Mark Inversion) coding of 
the HARASHIN item. 

[0048]Next, a portion used as the feature of a 2nd embodiment of the invention in this application is explained 
using drawing 9. In a Mach-Zehnder interference system or a Michelson interferometer, there are usually two 
output ports of an interferometer. These have a complementary relation and output power of the sum total of 
two ports becomes equal to input control power (except for a part for excess loss). By receiving these both with 
a balanced type receiver like drawing 9, an intensity noise ingredient generated with an optical fiber amplifier in 
a transmission line, etc. is canceled, and it becomes possible to obtain higher S/N. 

[0049]When it is the relation that a relation of the time delay D of a phase modulation and an interferometer fills 
an equal mark of (1) type, a light interference meter output becomes as shown in drawing 10 (a) and (b). 
Temporarily, if a band limit by a band limit means is not performed within a transmitter, in drawing 10 (a) and 
(b), a waveform is rectangular shape, and two output light power of an interferometer becomes almost equal. 
However, in this application, in order to band-limit, it becomes a pulse form waveform, and two output light 
power is not equal. 

[0050]When it is the relation that a relation of the delaying amount D of a phase modulation and an 
interferometer fills a sign-of-inequality portion of (1) type, it becomes the waveform which required offset of a 
direct current as shown in drawing 10 (c) and (d). 

[0051]Since DC light power of the output 1 and the output 2 differs, neither of the cases can put in light power 
equal to two photo-diodes of a balanced type receiver. 

[0052] However, these waveforms differ only in a direct-current value, and an alternating current wave form 
maintains balance with the outputs 1 and 2 by this state. So, it constitutes from this application so that only 
difference of a direct current may be missed. The inductance 33 is connected to the balanced type receiver's 
32 output like drawing 9. The point of the inductance 33 is connected to a ground with the figure. This is 
because power supply voltage of V [ **] is supplied to a balanced type receiver's both ends, and makes a 
connection destination of inductance the middle potential, and he is trying for bias voltage concerning two 
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photo-diodes to become equal. 

[0053]When a direct current is outputted from a balanced type receiver and there is no inductance, voltage 
according to dc input impedance of the latter preamplifier 34 occurs. Since direct-current impedance of 
inductance is about 0 when inductance is connected, the shunt of almost all the direct current is carried out to 
a ground via the inductance 33. As a result, it becomes it is not dependent on a difference of light power 
included in two photo-diodes, and potential of a balanced type receiver's outgoing end is always constant, and 
possible to keep equal bias voltage of two photo-diodes, and by extension, a frequency characteristic. 
[0054]An amplifier prepares a blocking capacitor for an input in many cases for internal bias voltage 
stabilization. If DC light power which enters into two photo-diodes differs when the preamplifier 34 is such 
composition, a refuge of DC light current will disappear from a photo-diode which is receiving many DC light 
power. Photoelectric current without a refuge is recombined after carrying out fixed time accumulation into a 
photo-diode. In the state where photoelectric current is being accumulated into a photo-diode, the high 
frequency characteristic of the photo-diode deteriorates remarkably. Even if an input part of the preamplifier 34 
is equipped with a blocking capacitor by connecting the inductance 33 like this application, it becomes possible 
to miss a direct current. Therefore, a high frequency characteristic is not spoiled but it becomes possible to 
make it operate, after balance has taken two photo-diodes good. 

[0055]Composition of this application was strong by a nonlinear phenomenon and noise of an optical fiber, and 
it checked in a simulation that 80-km relay Sepang was realizable with a land system fiber of a loss of 
0.5dB/km. After driving the optical transmitter 7 by 40 Gbit/s by a system as shown in drawing 13 and 
transmitting relay Sepang in a parenthesis four spans, it amplified with the optical preamplifier 44 and the 
optical receiver 8 received. The optical receiver 8 used a photo detector as a balanced type receiver, using a 
Mach-Zehnder interferometer of delaying amount 25ps as a light interference meter. 10 dBm, a noise figure of 
5 dB, and an optical fiber were set [ wavelength of a light source ] to 1 .31 micrometer zero distribution single 
mode fiber 43 80(SMF)km of a loss of 0.5dB/km for output light power of the optical amplifier 42 of 1 .55 
micrometers and relay Sepang. Distribution of each Sepang of SMF was compensated with the dispersion 
compensation machine 41. It is total and is 320-km transmission. After changing a Mach-Zehnder 
interferometer in the optical receiver 8 into RZ intensity modulation waveform by an optical transmitter in an 
optical transmitter as a comparison object and amplifying same transmission line with through and an optical 
preamplifier, the simulation was carried out also about a system which receives with the usual PIN photodiode. 
The result is shown in drawing 14. 

[0056]lt is an eye pattern after transmission and drawing 14 (a) transmits what was transmitted after changing 
into RZ intensity modulation waveform, and drawing 14 (b) with composition shown in drawing 13. To a jitter 
being very large and an eye being crushed thoroughly, by drawing 14 (b), a good eye opening is obtained and 
it turns out that drawing 14 (a) is possible in 0.5dB/km. 

[0057]Drawing 1 1 is a figure for describing a 3rd embodiment of this application. It is the embodiment which is 
performing light space transmission. Although composition of the optical transmitter 35 and the optical receiver 
36 is the same as that of drawing 1 almost, An output of the phase modulator 2 is changed into a parallel beam 
not via an optical fiber but via the lens 38, and it differs greatly in the optical receiver 36 in that condensed a 
parallel beam which received a message with the lens 39, and it has entered into a Mach-Zehnder 
interferometer. In such composition, not only transmission light from the optical transmitter 35 but background 
light noises, such as sunlight and a fluorescent lamp, will condense the lens 39. However, such background 
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lights of coherence are hurt low, and most is intensity noise and can remove them with a balanced type 
receiver. Therefore, transmission of S/N higher than an optical space transmission system of the usual 
intensity modulation is attained by using a photo detector as a balanced type receiver. 
[0058]Since Mach-Zehnder interferometer 37 is difficult to condense efficiently so that it may consistent with 
propagation mode of a waveguide, it is better than a waveguide type to constitute from micro optics. 
[0059]ln light space transmission, since the bit rate is low, it is easy to be influenced by coherence of a light 
source. So, in this application, influence of coherence is eased like drawing 15 by making the time delay D of a 
light interference meter smaller than 1 -bit time 1 / R. In order to prevent degradation of efficiency changed into 
intensity modulation from a phase modulation at this time, in a range with which it is satisfied of (1) type, the 
phase modulation degree psi is made larger than pi. In this application, since it is band-limiting within an optical 
transmitter, the standup/falling of a phase modulation wave form have become blunt like drawing 15. 
Therefore, if the amount of phase changes does not exceed pi in the time delay D, even if psi exceeds pi, 
adverse effects, such as waveform distortion, are not generated. Without dropping conversion efficiency of 
phase modulation-intensity modulation by doing in this way, influence of coherence of a light source can be 
eased and it becomes possible to obtain good sensitivity. 

[0060]Drawing 12 is an example which has applied the optical transmitter 7 and the optical receiver 8 of this 
application to an optical network of the multipoint Thu multipoint. An optical receiver is a balanced type 
receiver of a 2nd embodiment of this application, inductance is connected to a receiver output and potential of 
an output terminal is stabilized. Light from two or more optical transmitter 7-i (i= 1, 2, n) reaches two or 
more optical receiver 8-i (i= 1, 2, n) via the optical network 40. Light from an optical transmitter which is 
different by a time series reaches each optical receiver, by taking composition of a balanced type receiver like 
this application, even if it is scattering light power, potential of a center value of an output power signal serves 
as about 1 law, and these can simplify circuitry after the next step, although the degree of light power and light 
modulation also comes out scatteringly. 

[0061 ]The above explanation described only a portion directly relevant to composition of this invention. 
Although means which do not contribute to a function of this invention directly, such as an amplifier, are not 
shown, when building a actual system, it is used if needed. 
[0062] 

[Effect of the lnvention]As stated above, in order to transmit with the phase modulation signal of a constant 
envelope in this invention, it is strong to a nonlinear phenomenon. Since the waveform inputted into the photo 
detector in an optical receiver serves as pulse form by the band limit performed within an optical transmitter, 
S/N after reception is improvable, these results called it a loss of 0.5dB/km -- high -- without a land system 
fiber [ **** ] also performing Raman amplification, the repeating span of no less than 80 km can be realized, 
and the simplification of a large system is attained. 



[Translation done.] 
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